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a b s t r a c t
In this study, detailed chemical properties of sim (Rhodomyrtus tomentosa (Ait.) Hassk.) fruit including
nutritional composition, phenolic content and antioxidant capacity were determined for the ﬁrst time.
A 150 g serving of sim fruit contained high levels of dietary ﬁbre (69.94–87.43% of Recommended Daily
Intake (RDI)), a-tocopherol (38.90–51.87% RDI), manganese (>100% RDI), and copper (44.44% RDI) but
low levels of protein (2.63% RDI), lipid (1.59–3.5% RDI), and sugars (5.65% RDI). The predominant fatty
acid in the sim fruit sample was linoleic acid (75.36% of total fatty acids). Interestingly, total phenolics
(49.21 ± 0.35 mg gallic acid equivalent (GAE)/g dry weight (DW)) were particularly high and resulted
in a high antioxidant capacity (431.17 ± 14.56 lmol Trolox equivalent (TE)/g DW). These results, together
with our recent discovery of high amount of piceatannol, a stilbene with potent biological activities, high-
light the potential of sim, an under-utilised plant species from South–East Asia, as a new source of health-
promoting compounds including dietary ﬁbres, essential fatty acids, and phenolic compounds.
 2014 Elsevier Ltd. All rights reserved.
1. Introduction
Sim (Rhodomyrtus tomentosa) is a shrub (Fig. 1) originating from
South–East Asia and belongs to the Myrtaceae family. It wildly
develops in many countries like China, Taiwan, Philippines,
Malaysia, Indonesia, and Vietnam. This plant enjoys sunshine, and
is relatively undemanding with regards to soil conditions. Besides,
it is a lowmaintenance plant because it is seldom bothered by pests
and diseases (Wong, 2008). All parts of this plant (leaves, roots, buds
and fruits) have been used in traditional Vietnamese, Chinese and
Malaysian medicine for a long time (Agro Forestry Tree Database,
1992; Do, 2011; Institute of Chinese Medicine, 2010). Recently,
sim was identiﬁed as one of the 240 ‘‘Neglected and Underutilised
Crop Species’’ of Vietnam, China, Thailand and Cambodia by the
scientiﬁc project ‘‘Agrofolio’’ (www.Agrofolio.eu/db).
The sim fruit is an ellipsoid berry that measures 1–1.5 cm in
diameter (Fig. 1) with a persistent calyx. Unripe fruits have a
green skin and astringent taste. It turns to a purplish black colour
when ripe with the pulp being purplish in colour, soft and sweet.
There are many deltoid seeds that measure 1.5 mm in diameter
and locate in 6 (8) pseudo-locules, divided by thin false septa
(Lim, 2012). In traditional medicine of Vietnam, Malaysia and
China, unripe fruits are used to treat diarrhoea or dysentery while
ripe ones are used to stimulate the immune system (Agro Forestry
Tree Database, 1992; Do, 2011; Institute of Chinese Medicine,
2010). In our recent study, 19 phenolic compounds of sim fruit
have been characterised including ellagitannins, stilbenes, antho-
cyanins, ﬂavonols and phenolic acids (Lai et al., 2013). Among
them, piceatannol, a stilbene having potent biological activities,
including anti-oxidant (Ovesná et al., 2006), anti-cancer (Kita,
Miura, & Yagasaki, 2012), anti-inﬂammatory (Son et al., 2010),
and anti-obesity properties (Kwon et al., 2012), is a major compo-
nent and contributes to 19% of the total identiﬁed phenolic com-
pounds in the fruit. Moreover, the piceatannol content of the sim
fruit is much higher than that of grapes (200–2000 times) (Lai
et al., 2013), known as a source of piceatannol in the human diet.
This ﬁnding, on one hand, contributes to the explanation of uses
of the fruit in folk medicine and, on the other hand, highlights a
new natural source of stilbenes, and more particularly of piceatan-
nol, which could be used in both food and pharmaceutical
industries.
http://dx.doi.org/10.1016/j.foodchem.2014.07.081
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The use of sim fruit is increasing. In addition to being used in
folk medicine in numerous countries, sim fruits are used to make
a famous fermented drink called ‘‘Ruou sim’’ at Phu Quoc island,
in the south of Vietnam (Lim, 2012). Cultivation of the sim plant
to harvest fruits and to produce ‘‘Ruou sim’’ is now done in Phu
Quoc island and extends to many provinces in the south and center
of Vietnam (Son Phat Joint Stock Company, 2013). Our discovery of
high piceatannol content in sim fruit (Lai et al., 2013) is of interest
for nutritionists and may promote the use of this fruit in the food
industry. However, until now, information about the nutritional
composition of this fruit is rare.
In this study, we aimed at evaluating the nutritional composi-
tion and antioxidant capacity of the sim fruit. The results are
discussed from a nutritional perspective and the contribution of
sim fruits to the recommended daily intake (RDI) is evaluated.
2. Materials and methods
2.1. Sample collection and preparation
The sim fruits (R. tomentosa (Ait.) Hassk.) were harvested in July
and August 2010 from ﬁve different locations in the mountains of
Hai Duong (HD1, HD2), Thai Nguyen (TN1, TN2) and Hoa Binh (HB)
provinces chosen as being representative for three geographical
regions of the north of Vietnam, namely lowland, midland
and highland. The plants were identiﬁed at the species level as
R. tomentosa (Ait.) Hassk. by morphologic comparisons of leaves,
buds, ﬂowers, and fruits with the description of Pham (2000) and
with the holotype (Code 05952) hold in the museum of the faculty
of biology (Hanoi University of Science, Vietnam National Univer-
sity). Sim plants in HD1, TN1 and HB were exposed to sun light
while those in HD2 and TN2 were shade-grown. In each location,
the mature fruits were hand-picked from three separate lots with
about 30 plants per lot. The fruits were placed in a plastic box, kept
on ice and transported to the laboratory on the same day. A repre-
sentative fruit sample was prepared by mixing 300 g of mature
fruits from each location (Fig. 1D). In the laboratory, fruits were
washed under tapwater and then rinsed in distilled water three
times. They were then frozen, freeze-dried, ground and stored at
53 C under nitrogen gas until analysis. Besides, dry matter of
fresh fruits was determined.
For the analyses of Oxygen radical absorbance capacity (ORAC)
and total phenolics, the freeze-dried sim sample was submitted to
an extraction with acetone:water:acetic acid (50:49:1, v/v/v).
Brieﬂy, approximately 0.4 g of powdered freeze-dried fruit was
extracted with 8 mL of solvent and shaken for an hour at 37 C.
After centrifugation at 3420g for 10 min at 4 C, the supernatant
was collected and the residue was extracted two more times with
the same solvent. The supernatants from the three extraction steps
were combined and brought up to 25 mL in total with the solvent.
2.2. Chemicals and reagents
The Folin–Ciocalteu reagent, ﬂuorescein, 2,20-azobis (2-
amidino-propane) dihydrochloride acid (AAPH), 6-hydro-2,5,7,
8-tetramethyl-2-carbocyclic (Trolox), -amylase, vitamin C, vitamin
Fig. 1. Plant (A), ﬂowers (B) and fruits (C, D) of Rhodomyrtus tomentosa.
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E and gallic acid were supplied by Sigma–Aldrich (St. Louis, Mis-
souri). Potassium acetate, Na2CO3, H3BO3, KCl, Na2B4O710H2O,
acetone, acetic acid and triethylene glycol of analytical grade and
glucose, maltose at HPLC grade were supplied by Merck
(Darmstadt, Germany). Sucrose and fructose standards at High-
performance liquid chromatography (HPLC) grade were provided
by Scharclau (Barcelona, Spain) and by Bio Basic (Ontario, Canada),
respectively. Sulfuric acid was purchased from Fluka (Milwaukee,
WI). HCl, CH3Cl, CH3OH were supplied by VWR-Prolabo (Briare,
France) and ethyl ether was purchased from J.T. Baker (Phillipsburg,
NJ). Tryptophan standard was supplied by Sigma–Aldrich (St. Louis,
Missouri) and other amino acid standards for AccQ-Tag method
was supplied by Water (Melford, MA). The 96-well plates for the
ORAC test were provided by NUNC (Roskilde, Denmark).
2.3. Proximate analyses
Dry matter, acidity, protein, lipid, dietary ﬁbre and ash were
determined according to the AOAC ofﬁcial methods (Cunniff,
1995). The protein content was calculated using a conversion fac-
tor (F = 5.36) recommended for this type of food (Salo-väänänen &
Koivistoinen, 1996). The method described by Van Soest,
Robertson, and Lewis (1991) was used to quantify the Neutral
Detergent Fibre (NDF) while the method AOAC 973.18 was used
for analysing Acid Detergent Fibre (ADF) and Lignin (ADL). Differ-
ence between NDF and ADF corresponded to hemicellulose content
and the one between ADF and ADL was the cellulose content.
2.3.1. Amino acid proﬁle analysis
Amino acids were quantiﬁed by HPLC after an alkaline hydroly-
sis for tryptophan or after an acidic hydrolysis for other amino
acids.
For tryptophan analysis, sample was hydrolysed by NaOH 4 N at
110 C for 18 h under nitrogen gas. After being neutralised by HCl,
the sample was analysed by HPLC system equipped with LC-20AD
pumps and SIL-20A autosampler (Shimadzu, Kyoto, Japan). The col-
umn was a Symmetry C18 (150  4.6 mm, 5 lm) (Waters, Melford,
MA) and set at 35 C. The ultraviolet SPD-20A detector was
adjusted at 280 nm and mobile phase consisted of acetoni-
trile:water (90:10, v/v) was supplied at the ﬂow rate of 1 mL/min.
Determination of other amino acids was performed by using the
AccQ-Tag method (Kabelovaá, Dvorˇáková, Cˇízˇková, Dostálek, &
Melzoch, 2009) after acid hydrolysis of protein by 6 N HCl at
125 C for 24 h under nitrogen gas. Brieﬂy, the amino acids
released from hydrolysis were derived by using the AccQ-Fluor
reagent. The derivatives were then analysed by a HPLC system
equipped with LC-20AD pumps and a RF-10AXL ﬂuorescence
detector with excitation at 250 nm and emission at 395 nm
(Shimadzu, Kyoto, Japan). The column was a Nova-Pak C18
(150  3.9 mm, 4 lm) supplied by Waters (Melford, MA) and
heated to 37 C. The mobile phases and the gradient separation
programme were applied according to the protocol described by
Kabelovaá et al. (2009).
2.3.2. Fatty acid proﬁle analysis
The fatty acid proﬁle was obtained by gas chromatography
analysis after esteriﬁcation of the total lipids extracted by the
method described by Folch, Lees, and Sloane Stanley (1957). The
extracted lipids were saponiﬁed with 0.1 M KOH/MeOH at 70 C
for 1 h. Then, the released fatty acids were esteriﬁed by using
1.2 N HCl/MeOH at 70 C for 20 min. A HPLC-grade hexane-water
(95:5, v/v) solvent was used to extract the methylated fatty acids.
After that, analysis was performed by using a GC Trace gas chro-
matograph (Thermoquest, Milan, Italy) equipped with a ﬂame ion-
isation detector. For the chromatographic separation, a Restek
RT2560 capillary column (0.25 mm in diameter, 100 m in length)
coated with polar stationary phase of 0.2 lm thickness (Bellefonte,
PA) was used. The carrier gas, hydrogen, was maintained at a
constant pressure of 200 kPa. The column temperature was pro-
grammed as follows: 80 C for 0 min; 80–175 C for 3.8 min
(25 C/min); 175 C for 30 min; 175–205 C for 3 min (10 C/
min); 205 C for 4 min; 205–225 C for 2 min (10 C/min); 225 C
for 20 min; 225–80 C for 7.25 min (20 C/min). The detector tem-
perature was set at 280 C. Hydrogen and air ﬂow rates for the
detector were maintained throughout all runs at 35 and 350 mL/
min, respectively. A calibration mixture of fatty acid standards
was processed in parallel. The data were analysed by the Chrom-
quest 3.0 software.
2.3.3. Carbohydrate analysis
Sugars were determined with an HPLC system equipped with a
RID-10A refractive index detector (Shimadzu, Kyoto, Japan) and a
Supelcosil LC-NH2 column (250  4.6 mm, 5 lm) (Supelco,
Bellefonte, PA). The isocratic mobile phase consisted of acetoni-
trile:water (75:25, v/v) and was pumped at a ﬂow rate of 1.0 mL/
min. Column’s temperature was set at 40 C. For standards includ-
ing fructose, glucose, sucrose and maltose were used. The sugars
were quantiﬁed using four-points calibration curves. The total
sugar content was the sum of the individual values.
2.3.4. Vitamin analysis
Vitamin C and E were analysed by an HPLC system equipped
with a LC ADvp pump and a SPD-M10Avp PAD detector (Shimadzu,
Kyoto, Japan). The column was a C18 Symmetry (250  4.6 mm,
5 lm) (Waters, MA) set at 40 C. For vitamin C analysis, the iso-
cratic mobile phase was made of 3 mM of potassium dihydrophos-
phate in 0.06 M metaphosphoric acid and was pumped at a ﬂow
rate of 0.5 mL/min. For vitamin E analysis, the mobile phase was
MeOH:water (97:3, v/v) supplied at the ﬂow rate of 1 mL/min.
The PAD detector was adjusted at 241 and 292 nm for vitamin C
and E, respectively. Four-points calibration curves were used to
quantify vitamin contents. The Class VP software was used to ana-
lyse the chromatograms.
2.3.5. Mineral proﬁle analysis
Total mineral elements were measured after calcination at
450 C followed by borate fusion for total silicium (Si) and acid
digestion for other elements. In the acid digestion method, 2 mL
of HNO3 70% and 1 mL of HF 48% were added into the ignition
residue. Then, the mixture was heated and evaporated to dryness.
One millilitre HClO4 was added to the residue and the mixture was
evaporated again to dryness. The residue was dissolved in 2 mL of
regale water (HCl:HNO3, 3:1, v/v), and diluted with ultra-pure
water up to 50 mL in total. The contents of elements were deter-
mined by inductively coupled plasma atomic emission spectrome-
try (ICP AES) on the ICAP 6500 Thermo Scientiﬁc (Waltham, MA). In
the fusion method, the ignition residue was melted at 1000 C for
5 min in the presence of 0.4 g of Li-tetraborate and 1.6 g of
Li-metaborate. After dissolution of fusion beads in HNO3 10%, Si
content was measured by inductively coupled plasma atomic
emission spectrometry (ICP AES) on the ICAP 6500 Thermo
Scientiﬁc.
2.3.6. Total phenolics and antioxidant capacity
Total phenolics were determined by using the Folin–Ciocalteu
reagent (Singleton & Rossi, 1965). The ORAC assay described by
Huang, Ou, Hampsch-Woodill, Flanagan, and Deemer (2002) was
used to determine the antioxidant capacity and was monitored
with a Fluorescence Microplate Reader FLx800 (BioTek, Winooski,
VT).
All results were expressed per 100 g DW and per serving (1
cup), standardised at 150 g of sim fruit. The constituents’ level
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per serving (LS) and contribution percentage to the recommended
daily intake (RDI) per serving (% CS) were determined according to
Eqs. (1) and (2), respectively:
LS ¼ CDB  DW  1:5 ð1Þ
where CDB is the content on a dry basis (g/100 g DW), DW is the dry
matter fraction of the fruit sample under investigation (24.52%), and
1.5 is the conversion factor for a serving of 150 g.
%CS ¼ LS
RDI
 100 ð2Þ
3. Results and discussion
3.1. Nutritional composition
The nutritional composition of the sim fruit sample under
investigation is summarised in Table 1.
3.1.1. Protein content and amino acid composition
The sim fruit is a relatively poor source of dietary protein
(4.00 ± 0.12% DW). One serving contributes to less than 3% of the
RDI (Table 1). The amino acid proﬁle reported here is in good
agreement with the results of Huang, Cai, Corke, and Sun (2010)
for sim fruits harvested in Hong Kong. The ﬁrst limiting amino acid
appears to be methionine followed by lysine when compared to
the RDI. By contrast, the sim fruit is a relatively good source of
tryptophan since one serving offers 5.67% of the RDI for this essen-
tial amino acid. Apart from its incorporation into body proteins,
tryptophan is the precursor for the synthesis of serotonin, an
important neuromediator involved in mood, behaviour, and
cognition (Richard et al., 2009). Tryptophan also plays the role of
substrate for the synthesis of niacin, also called vitamin B3 or PP
(Richard et al., 2009).
3.1.2. Carbohydrates
The sim fruit is a source of dietary ﬁbre. Asmentioned in Table 1,
the sim fruit sample under investigation had a remarkably high
concentration of total dietary ﬁbre (66.56 ± 2.31% DW, 69.94–
87.43% RDI), which was the most abundant component present
in the fruit. Soluble dietary ﬁbres (SDF) represented only 7.60% of
the total dietary ﬁbre content, which is low in comparison to the
classically recommended ratio of 1:2 between SDF and insoluble
dietary ﬁbres (IDF) (Kutos, Golob, Kac, & Plestenjak, 2003). Most
insoluble ﬁbres found in sim fruit were cellulose, which contrib-
uted to about 50% of the IDF. In human, insoluble ﬁbres are able
to swell in contact with water in the large intestine, thereby pro-
moting bowel movement. As the bulk works through the intestine,
it scours the intestinal walls of waste matter, reducing the risk of
colon-related problems such as colorectal cancer, constipation,
and haemorrhoids (Anderson et al., 2009).
Contrary to dietary ﬁbres, the digestible sugar content of the
sim fruit sample was not high (19.96% DW corresponding to
48.94 g/Kg fresh weight (FW)) as compared with that of other trop-
ical fruits. One serving only contributes by 5.65% to the RDI
(Table 1). However, the sugars are the most important contributors
to the bio-available energy of the fruit (55% of total energy).
Besides, the sugar proﬁle of the sim fruit sample was simple and
showed the presence of only fructose and glucose, which contrib-
uted to 54.95% and 45.05% to total sugars. Although these two sug-
ars are quickly metabolised, the sim fruit, due to its low content in
these compounds, cannot be considered as a source of quick energy
for the consumers.
3.1.3. Lipid and fatty acid composition
The sim fruit sample contained a low level of lipids (4.19 ± 0.07%
DW). Lipids represent about 26% of the caloric content of the sim
fruit, providing 1.59–3.5% of the RDI of lipids for adults, per serving
(Table 1). In terms of fatty acid proﬁle, Table 2 shows that the most
abundant fatty acids in sim fruit were linoleic and palmitic acids,
which contributed to 75.36% and 10.45% of total fatty acids, respec-
tively. In the literature, the myrtleMyrtus communis var. italica fruit
belonging to the same family as the sim fruit was also shown to
bear these two fatty acids (71.34% and 13.58% of total fatty acids)
as the main ones (Wannes, Mhamdi, & Marzouk, 2009). Linoleic
acid is an essential fatty acid from which the whole x-6 fatty acid
family is derived. These fatty acids are important components of
the cell membranes and are precursors of other substances involved
in many physiological responses. By contrast, palmitic acid is
considered as an atherogenic compound, when consumed in high
amount. Another essential fatty acid, a-linolenic acid, occurs only
in minute amount (1.62% of total identiﬁed fatty acids) but was
the ﬁfth most important fatty acid in quantitative terms. The
saturated to unsaturated fatty acid ratio (SFA/UFA) obtained in
the present study (0.20) ﬁts well in the dietary recommendations
(FAO, 2008). The monounsaturated to polyunsaturated fatty acid
ratio (MUFA/PUFA) was low (0.08), whereas the x-6 to x-3 ratio
of the sim fruit (46.43) is extremely high as compared to the
maximum recommended value of 4 (Schaefer, 2002), due to its high
linoleic acid content.
3.1.4. Ash and minerals
Sim fruit ashes represented about 2% of the fruit DW (Table 1),
which is a little bit lower than that of other tropical fruits such as
pineapple (2.38% DW), peach palm (1.2–2.2% DW), breadfruit
(2.8–3.3% DW), banana (2.4–4.7% DW), and cashew fruit (2.66%
DW) (Leterme, Buldgen, Estrada, & Londoño, 2006).
Regarding the different minerals that have been analysed,
potassium was the most abundant (221.76 mg/serving) among
the macroelements, followed by calcium (73.65 mg/serving). The
potassium content was similar to that of other tropical fruits
such as guava (208.5 mg/corresponding serving (150 g)), plum
(250.5 mg/serving), and mango (264 mg/serving) (Leterme et al.,
2006). However, the sim fruit had a higher content of calcium
(73.65 mg/serving) than other fruits whose average calcium con-
tent was 40.12 mg/serving (Leterme et al., 2006). This mineral ele-
ment is the chief constituent of bones and teeth and is responsible
for regulation of nerve and muscle function (WHO/FAO, 2004). In
terms of RDI per serving, the sim fruit showed a low contribution
for all macroelements, except for calcium (7.36% of the adequate
intake – AI) and magnesium (5.8–7.9% RDI), with the latest being
of utmost importance in the energy metabolism in humans but
also for bone development and protein synthesis (WHO/FAO,
2004).
Regarding the microelements, the quantitative data for the sim
fruit indicated a large amount of manganese (3.23 mg/serving), fol-
lowed by iron (1.54 mg/serving), zinc (0.61 mg/serving), and cop-
per (0.40 mg/serving). According to the literature, these contents
in a serving were higher than those in corresponding servings
(150 g) of other tropical fruits (Leterme et al., 2006; USDA
National Nutrient Database). As iron, copper and zinc are constitu-
ents of various important proteins and enzymes involved in macro-
nutrient metabolism and body function (Soetan, Olaiya, &
Oyewole, 2010), their high contents could contribute to explain
the use of the mature fruits in folk medicine (Institute of Chinese
Medicine, 2010). Considering the recommended dietary intake
guidelines, a serving of sim fruit covers more than 100% of the
requirements in manganese, which is a cofactor of hydrolase,
decarboxylase, and transferase enzymes involved in glycoprotein
and proteoglycan synthesis and is an essential element for the
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activity of the mitochondrial form of superoxide dismutase (Soetan
et al., 2010). On the other hand, sim fruits contained also alumin-
ium, with one serving contributing to 16% of the provisional
tolerable weekly intake (PTWI) of a man of 70 kg body weight.
Cautions must therefore be taken when consuming these fruits
as, at high level, dietary aluminium may affect the reproductive
Table 1
Physico-chemical composition, amino acid, and mineral proﬁle of the sim fruit, expressed on a dry weight (DW) basis and per serving (150 g sim fruit). The contribution of one
serving to the recommended daily intake (RDI) is expressed in percentage (% CS).
Constituents Per 100 g of DW Per serving RDI % CS
Titrable acidity (g CAE) 0.43 ± 0.03 0.16
Dry matter (g) 100 36.78
Lipids (g) 4.19 ± 0.07 1.54 44–97a 1.6–3.5
Protein (g) 4.00 ± 0.12 1.47 56a 2.63
Ash (g) 1.98 ± 0.05 0.73
Total dietary ﬁbre (g) 66.56 ± 2.31 24.48 28–35a 70–87
Soluble dietary ﬁbre (SDF) 5.06 ± 1.49 1.86
Insoluble dietary ﬁbre (IDF) 61.49 ± 0.85 22.62
Ratio SDF/IDF 0.08 1:2b
Hemicellulose 14.09 ± 0.28 5.18
Cellulose 28.33 ± 0.38 10.42
Lignin 16.53 ± 0.22 6.08
Sugars (g) 19.96 7.34 130a 5.65
Glucose 10.97 4.03
Fructose 8.99 3.31
Ascorbic acid (mg) 15.29 5.62 45c 12.49
a-Tocopherol (mg) 10.58 3.89 7.5–10c 39–52
Energy content (Kcal)i 53.31 2000–2500a 2.1–2.7
Amino acids (mg) 100 g DW Serving RDI % CS
Essential
Isoleucine 105.41 38.77 1400d 2.77
Leucine 190.76 70.16 2730d 2.57
Lysine 54.91 20.20 2100d 0.96
Methionine 13.53 4.98 700d 0.71
Phenylalanine 165.35 60.82 1750d 3.48
Threonine 108.32 39.84 1050d 3.79
Tryptophan 43.19 15.89 280d 5.67
Valine 156.90 57.71 1820d 3.17
Non-essential
Alanine 122.78 45.16
Arginine 231.00 84.96
Aspartic acid 321.37 118.20
Cysteine 6.64 2.44 280d 0.87
Glutamic acid 376.59 138.51
Glycine 246.76 90.76
Histidine 82.81 30.46 700d 4.35
Proline 98.62 36.27
Serine 118.17 43.46
Tyrosine 104.12 38.29
Minerals (mg) 100 g DM Serving RDI/AI % CS
Ca 200.24 73.65 1000c (AI) 7.36
P 57.85 21.28 700e 3.04
K 602.93 221.76 4700f (AI) 4.72
Na 113.64 41.80 1500f (AI) 2.79
Mg 66.51 24.46 310–420c 5.8–7.9
Cu 1.10 0.40 0.90g 44.44
Mn 8.79 3.23 1.8–2.3g (AI) >100
Zn 1.65 0.61 8.0–11g 5.5–7.6
Fe 4.20 1.54 8–18c 8.6–11
Co 0.07 0.02
Cr 0.02 0.01 0.025–0.035g 28.6–40
Ni 0.23 0.08
Pb 0.02 0.01
Si 25.82 9.50
Al 4.35 1.60 PTWI = 1 mg/kgh
Abbreviations: AI, adequate intake; CAE, Citric Acid Equivalent; PTWI, Provisional Tolerable weekly intake.
a Dietary reference intakes for energy, carbohydrate, ﬁbre, fat, fatty acids, cholesterol, protein, and amino acids. Considering a body weight of 70 Kg.
b Kutoset al. (2003).
c WHO/FAO (2004).
d WHO/FAO/UNU Report (2007). Considering a body weight of 70 Kg.
e Dietary Reference Intakes for Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride.
f Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate.
g Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc.
h Joint FAO/WHO Expert Committee on Food Additives (2006).
i Energy content calculated on basis of composition, considering the following values: protein (4 Kcal/g), sugar (4 Kcal/g), lipid (9 Kcal/g), SDF (2 Kcal/g), organic acids
(3 Kcal/g) (FAO, 2002).
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and nervous systems (Joint FAO/WHO Expert Committee on Food
Additives, 2006). The growing environment and in particular the
soil aluminium concentration should therefore be taken into
account when choosing harvest regions.
3.1.5. Vitamins
Vitamin C content of the sim fruit sample (5.62 mg/serving) was
much lower than that of other tropical fruits (10.05–342.45 mg/
serving in banana and guava, respectively) (USDA National
Nutrient Database). One serving of sim fruits represents 12.49%
of the RDI in vitamin C. The vitamin E level (3.89 mg/serving), by
contrast, was higher than that of mango and avocado (1.35 and
3.11 mg/corresponding serving, respectively) (USDA National
Nutrient Database), which are generally considered as fruits rich
in vitamin E. Vitamin C and vitamin E with their hydrophilic and
lipophilic antioxidant properties, respectively (WHO/FAO, 2004),
can contribute to the total antioxidant capacity of the sim fruit.
3.2. Phenolic content and antioxidant capacity
The sim fruit sample presented a total phenolic level
(49.21 ± 0.35 mg GAE/g DW) (Table 3), which is two times higher
than the value reported in the work of Huang et al. (2010) for
sim fruits harvested in Hong Kong (24 ± 0.04 mg GAE/g DW). The
difference could be due to genetics variations, environmental con-
ditions, or extraction methods. In our study, the extraction of phe-
nolic compounds was performed three times in a preselected
mixture of solvents (acetone:water:acetic acid; 50:49:1, v/v/v)
while this process was carried out once in methanol 80% by
Huang et al. (2010). When compared with other fruits, the sim fruit
had a similar total phenolic content as berries, which are known as
good sources of phenolic compounds (Wu et al., 2004). One serving
of sim fruit exceeds the mean Western and American ingestion of
phenolic compounds (approximately 1 g/day) (Manach, Scalbert,
Morand, Rémésy, & Jiménez, 2004).
Antioxidant capacity is probably the most-studied aspect of
phenolic compound bioactivity. The ORAC value of the sim fruit
sample was (431.17 ± 14.56 lmol TE/g DW) (Table 3), which is
higher than that of commonly consumed fruits such as mango,
kiwi, red grape, tangerine, cherry, apple, and banana (53.99–
233.36 lmol TE/g DW), but similar to that of berries such as straw-
berry, blackberry, and blueberry (397.87–412.27 lmol TE/g DW)
(Wu et al., 2004). Moreover, one serving of sim fruit contained
more than 100% of the recommended daily ORAC value (Weller,
1999). Our data on total phenolics and antioxidant capacity of
the sim fruit underline the interest for this underutilised fruit as
a new source of phenolic antioxidants that should be speciﬁcally
studied for its potential effects on human health and application
potential in food and drug technologies.
4. Conclusion
In this study, a detailed chemical composition of R. tomentosa
fruit was determined for the ﬁrst time. The results showed that
the fruit could be considered as a new natural interesting source
of health-promoting compounds including dietary ﬁbres and anti-
oxidant phenolic compounds. Dietary ﬁbres contributed up to 67%
DW (69.94–87.43% RDI) of the sim fruit, with insoluble ﬁbres being
the predominant fraction (92% of total ﬁbre). By contrast, the sugar
content of the sim fruit was not high although this fraction largely
contributed to the bio-available energy of the fruit. In addition, the
sim fruit was low in protein and in lipid (about 4% DM). Linoleic
acid, an essential polyunsaturated fatty acid, dominated the fatty
acid proﬁle (75% of total fatty acids). Thus, the sim fruit is a low-
calorie food (53.31 Kcal/serving). The mineral proﬁling of the sim
fruit revealed high contents in important elements including man-
ganese (>100% RDI/serving), copper (44.44% RDI/serving), chro-
mium (28.6–40% RDI/serving), and iron (8.6–19.3% RDI), as
compared to other fruits. Interestingly, the sim fruit also presented
high levels in vitamin E (about 50% RDI of vitamin E/serving), and a
high content in phenolic compounds (5% DW) and antioxidant
capacity (>100% RDI/serving). Furthermore, a previous study per-
formed by our group highlighted the high content in piceatannol,
a potent health-promoting compound. Therefore, the sim fruit is
of special interest in the prevention against chronic diseases and
especially for people who seek for alternative fruit sources.
Taken together, the compositional data on sim fruit obtained in
our study indicate that the sim fruit has an unusual nutritional
composition that should further interest nutritionists, health spe-
cialists, as well as the food industry, and, in turn, promote the
use of this Neglected and Underutilised Crop in the future.
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